['HIStrychnine binds to synaptic-membrane fractions of the spinal cord in a selective fashion, indicating an interaction with postsynaptic glycine receptors. Displacement of strychnine-by glycine and other amino acids parallels their glycine-like neurophysiologic activity. The regional localizition of strychnine binding in the central nervous system correlates closely with endogenous glycine concentrations. In subcellular fractionation experiments, strychnine binding is most enhanced in synaptic-membrane fractions. Strychnine binding is saturable, with affinity constants for glycine and strychnine of 10 and 0.03 MM, respectively.
Biochemical (1) and neurophysiological (2) evidence suggests that glycine is a major inhibitory neurotransmitter in the mammalian central nervous system. Strychnine antagonizes the hyperpolarizing actions of glycine at spinal synapses, where it also antagonizes naturally occurring synaptic inhibition (3) . Glycine best mimics a natural inhibitory transmitter in the spinal cord and brain stem, but not in the cerebral cortex (2) . Similarly, endogenous glycine (4), highaffinity synaptosomal uptake of glycine (5) , and unique glycine-accumulating synaptosomes (6) are most concentrated in the spinal cord and brain stem and not in the cerebral cortex.
Here we report the binding of [3H] strychnine to membrane fractions of the spinal cord and brain stem, which appears to represent a specific interaction with the postsynaptic glycine receptor.
METHODS
Strychnine Was Labeled by catalytic tritium exchange at New England Nuclear Corp. 50 mg of strychnine sulfate was dissolved in 0.3 ml of trifluoroacetic acid, and to this was added 50 mg of 5% Rh/A1203 and 25 Ci of tritiated H20.
The reaction mixture was stirred overnight at 800 and labile tritium was removed under reduced pressure with methanol as a solvent. After filtration from the solvent, the product was dissolved in 10 ml of methanol. In our laboratory, the product was purified by thin-layer chromatography on Silica Gel F-254 plates, 0.25 mm thickness (EM Laboratories, Inc., Elmsford, N.Y.), in three consecutive solvent systems (nbutanol-glacial acetic acid-H20 4:1:1, chloroform-methanol 1: 1, and methanol-H20 7:3). Purified [3H]strychnine moved as a single peak with authentic strychnine in all three systems. The specific activity of [3H]strychnine was 13 Ci/mmol, as determined by comparison with the ultraviolet absorption of standard solutions at 254 nm.
Tissue Preparation. Male Sprague-Dawley rats (100-150 g) were decapitated and the brains and spinal cords were rapidly removed. For typical binding assays, the meninges were carefully removed and the medulla oblongata-pons and spinal cord were combined and homogenized in 20 volumes of ice-cold 0.32 M sucrose in a Potter-Elvehjem glass homogenizer fitted with a Teflon pestle. The whole homogenate was centrifuged for 10 min at 1000 X g. The pellet (crude nuclear fraction) was discarded, and the resultant supernatant fluid was centrifuged for 20 min at 17,000 X g. The pellet (crude mitochondrial fraction), after resuspension in 20 volumes of ice-cold distilled H20, was homogenized with a ground-glass homogenizer and centrifuged for 20 min at 9000 X g. The supernatant fluid was collected and the pellet, a bilayer with a soft buffy upper coat, wa's rinsed carefully with the supernatant fluid to collect the upper layer. The supernatant fluid was then centrifuged at 48,000 X g for 20 min. The final pellet was resuspended in 0.05 M sodium-potassium phosphate buffer (pH 7.4) (0.75-1.10 mg of protein per ml) to obtain crude synaptic membranes. This suspension was divided into aliquots and stored at -30°. Specific strychnine binding was retained intact for at least 35 days under these storage conditions.
Binding Assay. For measurement of the specific binding of strychnine to spinal-cord membranes, aliquots of the crude synaptic membranes (0.75-1.10 mg of protein) were incubated in triplicate at 40 or 250 for 10 min in 2 ml of 0.05 M Na-K phosphate buffer (pH 7.4) containing 0.01% Triton X-100 and 4 nM [3H]strychnine (38,000 cpm) alone or in the presence of 1 mM glycine or'0.1 mM strychnine. After incubation, the reaction was terminated by centrifugation for 10 min at 48,000 X g. The supernatant fluid was decanted, and the pellet was washed with 5 ml, then 10 Tissues were prepared and subjected to differential centrifugation. The various pellets were suspended in 50 mM sodiumpotassium phosphate buffer (pH 7.4) and assayed as described with and without. 0.01% Triton X-100 before and after dialysis against 50 mM phosphate buffer for 18 hr at 4°. Data represent the mean of three experiments whose results varied less than 20%. The crude microsomal pellet (P3) was obtained by centrifugation at 100,000 X g for 1 hr.
Compounds were purchased as follows: Strychnine sulfate was obtained from Smith, Kline & French Labs., Philadelphia, Pa.; glycine, L-cystathioni-ne, and e-aminocaproic acid from Sigma Chemical Corp., St. Louis, Mo.; B-alanine, L-a-alanine, L-serine, y-aminobutyric acid from Calbiochem, Lia Jolla, Calif.; taurine from K&K Labs., Inc., Plainview, N.Y.; and amninomethane sulfonic acid from Aldrich Chemicals, Milwaukee, Wis.
Protein Was Determined by the method of Lowry et al. (7), with bovine-serum albumin as a standard. (1, 6) . Endogenous glycine probably suffices to explain the inhibition of strychnine binding in undialyzed whole homogenate and P2 fraction. Dialysis would remove endogenous glycine and thereby enhance strychnine binding. Likewise, more total activity was recovered from the combined synaptic membrane and mitochondria-myelin fractions, which lack occluded cytoplasm, than from the P2 pellet from which they were prepared. For dialyzed samples with Triton X-100, the total specific binding of the P2 subfractions exceeded that of the P2 fraction by 27%, while with undialyzed samples, the total [3H]strychnine binding of the P2 subfractions was triple that of the P2 pellet.
RESULTS

Subcellulkr
Treatment of synaptic membranes with 0.01% Triton X-100 enhanced their strychnine-binding capacity by about 25%, while similar treatment did not affect other subcellular fractions. If the Triton X-100 concentration is increased to 0.05% and 0.1% then specific [3H]strychnine binding is decreased by 20 and 45%, respectively. More than half the total strychnine binding of homogenates was recovered in the crude mitochondrial fraction, which is enriched in synaptosomes and mitochondria. When the crude mitochondrial pellet was subjected to hypotonic shock, more than 4/5 of its binding activity was recovered in the crude synaptic-membrane fraction ("synaptic membranes") whose specific activity of strychnine binding was about 4- times that of the fraction containing large mitochondria and myelin fragments ("mitochondria-myelin"). Specific strychnine binding of synaptic membranes was enriched 8-and 3- (Fig. 3) . Half-maximal displacement was observed with 10 MAM glycine, while maximal displacement required 1 i,-a-Alanine, DL-#-aminoisobutyric acid, and taurine, which have the second most potent glycine-like neurophysiologic activity, were also the second most active group of amino acids in displacing specific strychnine binding. All Proc. Nat. Acad. Sci. USA 70 (1973) Proc. Nat. Acad. Sci. USA 70 (1973) Brains and spinal cords from 20 rats were pooled and rapidly dissected by the method of Glowinski and Iversen (10) . Spinal cords from two Rhesus monkeys were removed and put in ice-cold 0.32 M sucrose. The meninges were carefully removed and then the dorsal, lateral, and anterolateral white columns were dissected from the gray matter. The gray matter was divided into cervical, thoracic, and lumbar areas. The tissues were prepared as described for spinal cord in Methods; dilutions were such that samples were assayed by the standard technique at 250. The values represented are the means of triplicate determinations from two separate experiments ± the standard error of the mean. The ratio of specific to nonspecific binding was 3.0 in spinal cord, 1.4 in thalamus, and not significantly greater than 1.0 in cerebellum, hippocampus, corpus striatum, and cerebral cortex.
other amino acids examined, including 7-amino acids and higher w-amino acids, had negligible glycine-like neurophysiologic activity and negligible potency in displacing specific strychnine binding. Proline, a glycine analog not tested by Curtis et al. (2) , resembled L-a-alanine and L-serine in its potency for displacing [3H] strychnine. Besides the compounds listed in Table 2 , we found that threonine, aspartic acid, and valine at 1 mM had no influence on specific strychnine binding.
Regional Distribution of Specific Strychnine Binding in the Central Nervous System. Endogenous levels of glycine are highest in the spinal cord, somewhat lower in the brain stem, and decrease as one ascends the neuraxis (4) . Similarly, the ability of glycine to mimic natural inhibitory synaptic activity is most pronounced in the spinal cord and brain stem and less in higher centers (2, 8) . Accordingly, glycine receptors should be most abundant in the spinal cord, less concentrated in the brain stem, and still less pronounced in higher centers of the brain. We measured [3H]strychnine binding in synaptic membranes from different regions of the central nervous system of rats (Table 3) . Specific strychnine binding was greatest in the spinal cord and second highest in the medulla oblongata-pons. In the mid-brain, specific strychnine binding was 35% of the activity in spinal cord, while the hypothalamus (4) .
Within the spinal cord endogenous glycine varies, with highest amounts in the cervical and lumbar regions, correlated with the greater number of interneurons in these areas as compared with the thoracic cord, and lower amounts in the white matter of the spinal cord (4) . In monkey spinal cord, we observed the most specific strychnine binding in the cervical and lumbar gray matter, with less in the thoracic gray matter and no detectable binding in the dorsal, lateral, and anteroand thalamus displayed 29 and 21%, respectively, of the Glycine Receptor 2835 lateral white columns (Table 3) . binding to spinal-cord synaptic membranes was maximal at 1 min. Accordingly, to exLmine the rate of association in detail we measured the time course of binding at 40 (Fig. 4) . At this temperature, half-maximal binding occurred at about 36 sec and binding reached a plateau by 5 min. This information permits calculation (9) of the bimolecular rate constant of strychnine-receptor association, ki, which is 0.6 X 107 M-1 sec'. By contrast, nonspecific strychnine binding was not time dependent and was only about 1/5 of the total amount of specific strychnine binding.
The rate of dissociation could not be measured at 250
because the strychnine-receptor complex was already fully dissociated at 15 sec. At 40 we examined the rate of dissociation using either 0.1 mM strychnine or 1.0 mM glycine to displace [3H]strychnine (Fig. 4) lates well with endogenous glycine, high-affinity synaptosomal glycine uptake into unique glycine-accumulating synaptosomes (4) (5) (6) , and the ability of glycine to mimic natural inhibitory transmission (2) .
Of the subcellular fractions examined, the highest specific strychnine-binding activity occurs in the synaptic-membrane fraction, which is consistent with localization of binding sites on postsynaptic glycine receptors. It should, however, be borne in mind that the synaptic-membrane fraction contains numerous tissue fragments besides synaptic membranes. It is unlikely that strychnine binding involves membranes of nerve terminals mediating high-affinity glycine uptake because strychnine has negligible affinity for this uptake system (5) .
[3H]Strychnine binding is a saturable process with considerable affinity for strychnine. The bimolecular nature of the association constant suggests that strychnine binds to a single species of receptor. The affinity of glycine for receptor binding is 3 orders of magnitude less than that of strychnine, which is consistent with neurophysiological evidence that strychnine's affinity for the glycine receptor exceeds that of glycine (2) .
The binding assay used in this investigation is specific, sensitive, and simple. It should provide a valuable tool for assessing the receptor affinity of potential glycine agonists and antagonists.
